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Abstract 
Polocrosse is one of a few truly Australian sports that combines elements of polo, lacrosse and netball. It is played on horseback 
whereby a rider using a racquet with a loose twisted-thread net aims to carry a ball and throw a goal. Since hitting at an 
opponent's racquet is the only way to dislodge the ball or prevent the opponent from gaining possession of it, accidental facial 
injuries are possible, thus wearing of faceguards is recommended. While helmets worn in polocrosse require a safety 
certification, faceguards (as an optional equipment) are neither certified for safety not standardised. This paper represents a first 
attempt to review the polocrosse faceguard design parameters and to quantify some of the key performance characteristics with 
respect to the requirements of this sport. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Apart from AFL (Australian Football League) and Two-Up, polocrosse is the only other truly Australian sport 
[1]. The modern game of polocrosse is a combination of polo, lacrosse and netball that is played on horseback 
whereby an attacking player using a cane stick, made up of a polo stick shaft to which is attached a squash racquet 
type head with a loose twisted-thread net, carries the thick-skinned sponge rubber ball with the aim to throw a goal. 
The defending player attempts to dislodge the ball or prevent the opponent from gaining possession of it by hitting 
at an opponent’s racquet with his or her own racquet [2]. Although, the game rules and the separate players’ code of 
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conduct promote and encourage safety in the sport, a competitive nature of players often produces unintentionally 
dangerous moves and plays. The most common injuries to polocrosse players are striking injuries by a racquet or a 
fall off the horse. In order to minimise the impact of such injuries, the players are required to wear helmets as 
personal protective equipment. Although, there are no Australian laws governing the wearing of safety helmets in 
equestrian sports, the Polocrosse Association of Australia stipulates that a safety helmet conforming to the 
Australian Standard specification number 2512.2 [3] must be worn during the competition. Furthermore, the 
Australian Standard [4] explicitly defines performance characteristics of the polocrosse helmets. For practical 
reasons, these helmets are open-face helmets and although they provide sufficient head protection, they do not 
provide any facial protection. Based on feedback from the Polocrosse Association of Australia, facial injuries tend to 
be frequent, especially with junior and less experienced players, and according to polocrosse players’ testimonies, 
fear from these types of injuries is one of the primary causes for their poorer performance. For this reason, some of 
the players started to wear face protection in a form of a wire-framed faceguard. The polocrosse rules are indifferent 
to the use of faceguards – they do not forbid them nor do they provide guidelines for their design and/or 
performance [2]. Furthermore, the standards governing the use of faceguards in horse riding and horse-related 
activities are yet to be developed by the Australian Standards. Due to the lack of legislation and guidance in this 
domain, there are no a polocrosse specific faceguard developed to date. Instead, various adaptations from other 
sports are used which are retrofitted by the players themselves. This paper explores the relevant requirements for the 
design of polocrosse faceguards and attempts to quantify some of the key performance characteristics. The authors 
are hoping to generate relevant scientific evidence that may enable the regulatory bodies to standardise the key 
aspects of the faceguard design for polocrosse.  
2. Existing Polocrosse Faceguard 
The polocrosse faceguard that is currently in use involves a basic wire mesh type cricket faceguard with modified 
connectors to a helmet (see Figure 1). Its cage type construction features a number of interconnected struts with an 
unobstructed viewing aperture proximate to the eyes of the wearer. This type of faceguard represents a balanced 
design compromise between the requirement to provide a comfortable face protection against moving projectiles in 
play and an allowance for good visibility.  
     
Fig. 1. Existing Polocrosse Faceguard (the rivet snap fasteners shown in the inserts). 
The original cricket faceguard connectors, typically consisting of a nut and a bolt, are substituted with rivet snap 
fasteners made of metal. The studs are placed on a helmet and the sockets are on the faceguard (see Figure 2). 
Convenience was the primary reason behind this choice of fasteners since the helmets worn by polocrosse are 
typical equestrian helmets that already use the rivet snap fasteners for attachments of their other optional accessories 
such as removable peaks and brims. In addition, some argued that the faceguard must be detachable in the event of 
ground impact in order to mitigate any potential injuries to the neck, hence the necessary change from the original 
cricket connector. Indeed, the cricket faceguards are designed to create a sufficient clearance between the face and 
the faceguard, which therefore, extend outwardly and upon an impact with the ground may increase the torque and 
leverage forces that ultimately directly imping on head and neck of the wearer. Furthermore, the argument extends 
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into enabling expedite first aid administration, an emergency oxygen administration in particular. Similar concerns 
were present in the design of NFL faceguards where the issue was addressed via re-training of the players and rule 
changes to eliminate or minimise faceguard-first contacts (ramming, spearing, butting, etc.) [5]. Unlike polocrosse 
where falling off a horse is an unintentional and unpredictable event, this issue becomes a faceguard design 
challenge. 
 
Fig. 2. Rivet snap fasteners – the main components 
3. Design Requirements for a Polocrosse Faceguard 
The adaption of the cricket helmet faceguard for use in polocrosse and while well received by the polocrosse 
community, the lack of suitability and associated disadvantages are quite compelling. The following key points 
summarise the feedback on the current design that was obtained through extensive interviews with the polocrosse 
players, coaches and umpires: 
 
x Metal faceguard is heavy and reduces movement speed of the player. 
x Provides a necessary level of protection only to more experienced players (e.g. no protection for the eyes) 
x The rivet snap tolerances are inconsistent as the origins of the mates are different (different manufacturers). 
x The locking ring on the socket is susceptible to premature failure since repeated clicking and unclicking as well 
as the intermittent impact forces associated with the sport result in various levels of surface wear. 
x The faceguard interferes with the helmet peak. 
x The faceguard protrudes excessively from the helmet and can interfere with the player’s line of sight. 
 
Therefore, based on a critical assessment of the existing polocrosse faceguard design, the following sport-specific 
design constraints should be adhered to in order to design a faceguard suitable for this sport. Protective faceguard 
must: 
1. Provide sufficient coverage to protect the wearer from facial injuries – the eyes in particular –by 
withstanding front and side impacts from a polocrosse stick. 
2. Detach from the helmet during an impact with the ground.  
3. Not obstruct vision during play. 
4. Not restrict head movements characteristic to polocrosse (e.g. head turns over a shoulder). 
5. Not interfere with other optional helmet attachments (e.g. rims, visors, etc.).  
6. Be used in conjunction with original (standard) polocrosse helmet. 
7. Be lightweight. 
8. Cost effective and economical to manufacture. 
9. Provide sufficient ventilation to avoid fogging with condensation from the breath of the wearer, if a non-wire 
based design is considered. 
Some of the listed requirements are general and applicable to any faceguard design but they have been 
enumerated here for completeness. The unique and most challenging requirements are the first two requirements, 
and in particular the lack of any scientific evidence supporting the establishment of the threshold impact force that 
should initiate the detachment. Furthermore, the nature of a fall is also a significant factor given a possible variety of 
initial velocities and impact angles. An incorrect evaluation of the detachment threshold that may lead to a 
premature or failed detachment can ultimately cause serious injuries. In order to obtain a greater understanding of 
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this problem and based on scientific evidence, this paper attempts to evaluate the detachment threshold force by 
analysing the current polocrosse faceguard design. The remaining sections of this paper are summarising our efforts 
in completing this task. 
4. Detachment threshold force 
The detachment threshold force of the rivet snap fasteners that are currently in use was estimated via physical 
testing and finite element analyses (FEA). In particular, the physical experiments were used to estimate the size of 
an external impact force that was necessary to decouple the fasteners in quasi-static conditions. The FEA was then 
used to estimate the forces that were experienced at the fasteners since placing the transducers at the desired 
locations was not physically possible due to poor accessibility. Although the estimates of the forces at the fasteners 
in the quasi-static conditions may not reflect the reality as the load rates tend to be much higher, they do tend to be 
acceptable rating indicators since the ratings of most of the alternative solutions are expressed in terms of the 
maximum safe static load. 
4.1. Experimental Testing  
Compression testing in laboratory conditions using the Instron 50kN machine was performed on a standard 
polocrosse helmet with the current faceguard attached to it. While the vertical displacement was applied at the rate 
of 20mm/min to the front of the faceguard and continued until the rivet snap fasteners have detached, the rear side of 
the helmet was affixed to the base (see Figure 3). This study focused on this particular location and direction only, 
because a full frontal (a “face-down” fall) impact was deemed as the most dangerous and critical. The detachment 
threshold force was identified as the maximum value on the force-displacement graphs. In order to minimise any 
potential effect of wear on the tolerances between the studs and the sockets of the snap rivet fasteners, a number of 
unnecessary and uncontrolled detachments of the fasteners was kept to a minimum. However, the effect of wear on 
the detachment threshold force was indeed investigated by repeating the procedure in excess of 300 forced 
detachments and comparing the results with those of the new faceguard-helmet pair. The difference in the 
manufacturing tolerances between the studs and the sockets was an effect that could not be eliminated nor 
minimised in this study. 
 
 
Fig. 3. Experimental Testing (stills from a video recording). 
4.2. Finite Element Analysis 
A simplified setup of the physical experiment was modelled using FEA software ABAQUS whereby the helmet 
and the rivet snap fasteners were not fully modelled but rather replaced with appropriate boundary conditions (see 
Figure 3). A displacement control was used to simulate the external loading at a specific loading rate and reaction 
forces, as the output variables, were requested at the nodes with the boundary conditions imposed on them. The 
encastre or fully-fixed boundary conditions were placed on the faceguard side of the faceguard-fastener interfaces, 
represented by 5mm diameter and 2mm deep through holes (see Figure 4). The faceguard was modelled with 2-node 
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linear 3D beam (around 450 B31 elements) and 10-node quadratic tetrahedron elements (over 75000 C3D10 
elements). Due to its high efficiency and simplicity, the beam model was the preferred modelling solution, however 
its inherited assumptions needed to be validated with a more advanced 3D solid modelling solution. The material 
used in the analyses was modelled as elastic, perfectly-plastic with Modulus of Elasticity of 70 GPa and Yield Stress 
of 400 MPa, whereby these values represent equivalent stiffness of the multi-component assembly that was 
physically tested. In particular, as the components were made of different materials and profiles, they flexed 
different amounts, thus the equivalent stiffness needed to be used in this simplified FEA model. This was the critical 
modelling simplification and assumption. Although a more complex and sophisticated FEA model may be needed, 
the model adopted in this study was deemed acceptable and sufficient for this preliminary analysis of the problem. 
 
 
Fig. 4. FEA model (rendered 3D beam elements) with the loading and boundary conditions. 
5. Results 
5.1. Experimental Results  
The experimental results were captured and presented as a series of force-displacement graphs that are shown in 
Figure 5(a). Three consecutive tests were performed for each test scenario in order to validate their repeatability. As 
it can be seen from the presented graphs, although small disagreements were present, the overall repeatability was 
deemed acceptable. As expected, wear was a significant factor. This was indicative by the results of the worn 
faceguard (“OLD”) which were 10-15% lower than the results of the “NEW” faceguard. The detachment threshold 
force for the “NEW” faceguard was around 600N. In both cases, the faceguard detached the rear pair of the 
connectors before the front pair, which is indicated by the discontinuities in the graphs. As the graphs show, the 
occurrences of the discontinuities seemed to be quite random during the loading, which may suggest presence of a 
much more complex behaviour than it was possible to capture via this preliminary analysis. 
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Fig. 5. (a) Results of experimental tests (b) FEA model 
5.2. Finite Element Analysis 
5.2.1. Model Validation 
All FEA models were validated with their experimental counterparts and results of the validation are shown in 
Figure 5(b). The most critical aspect was to match the equivalent stiffness of the faceguard and helmet assemblies. 
As the presented data suggests, after several iterations an acceptable agreement between the models and the 
experiments was achieved. Also, the level of disagreement between the beam and the 3D solid FEA models was 
deemed acceptable, which confirmed suitability of the beam model for further analysis of the cage-type construction 
faceguards. 
5.2.2. Forces on the Connectors 
Inspection of the faceguards after experimental tests identified a fully elastic deformation due to absence of any 
visible and permanent deformations of the wires. This observation was also confirmed by reviewing the stress 
distributions within the FEA model. Furthermore, a review of the reaction forces and moments at the attachment 
locations suggested an equal and symmetrical distribution of the external load between the left and the right hand 
sides, whereby each side carried an equal amount of applied load. On the other hand, establishing the load-carrying 
distribution between the attachment points on the same side was not as straightforward and, as it seemed, the FEA 
model was not sophisticated enough to allow a more detailed analysis. The magnitudes and directions of the reaction 
forces on the front and the rear snap rivet connectors are shown in Figure 6, and as it can be seen, there are 
differences in the load-bearing distribution between the two locations. Due to the geometry of the faceguard and the 
location of the external load, most of the external load was experienced as a load in the z-direction (i.e. a vertical 
load). The snap rivet pull force or the reaction force in the axial direction of the snap rivets (the y-direction) was 
significantly smaller than the vertical reaction force and was deemed as a secondary importance factor. On the other 
hand, the moment about the y-direction was outstandingly large at the rear attachment location, which, in a 
conjunction with the maximum vertical load that also occurs at the rear attachment point, may explain the 
observation suggesting a presence of a higher load portion on the rear connectors that consequently caused their 
premature detachment. When comparing the reaction forces in the direction of the applied load (the x-direction), the 
reaction force at the rear connectors was initially predominant but they levelled near the half-way mark and later the 
reaction forces at the front connectors assumed the domination. A further analysis was necessary to investigate this 
behaviour, however it is also possible that the simplifications introduced in the FEA model did not simulate 
accurately the detachment of the snap rivets. It is clear that a more sophisticated model is needed to explore this 
phenomenon further in the future. However, it is worth mentioning that this transition occurred near the locations of 
the discontinuities in the experimental graphs (see Figure 5). 
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Fig. 6. Forces on the connectors at the point of detachment (FEA prediction). 
6. Conclusions and Future Work 
The paper presented a preliminary review of the polocrosse faceguard design requirements. Also, we have 
quantified some of the key performance characteristics such as the detachment threshold force, which may enable 
the regulatory bodies to standardise key elements of the faceguard design such as a performance criterion. The 
detachment threshold forces of the rivet snap fasteners that are currently in use were determined via a physical 
testing and FEA to be as follows: 
 
x In the axial direction of the rivet snap fasteners – 50N. 
x In the transverse direction of the rivet snap fasteners – 360N 
 
This quantification of the detachment forces now permits an investigation into alternative connectors such as 
magnets, shear studs/bolts, Velcro or some more advanced disengage mechanisms that may overcome the 
disadvantages of the snap rivet fasteners and, potentially, provide more elegant design solutions. 
Future work will focus on advancing the experimental testing to including more faceguard models and more 
dynamic loading cases as well as building a more sophisticated FEA model with less modelling simplifications. 
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